Introduction
in the last few years stem cells appeared as a promising medical therapy for different diseases, including for regeneration of lost tissues. Wound healing represents a complex process which raises many medical problems. injury to the skin initiates a cascade of events including inflammation, new tissue formation, and remodeling, which finally lead to partial or complete reconstruction of the wounded area (16) . Beside the cell-cell and cell matrix interactions, all stages of the repair process are controlled by a wide variety of different growth factors and cytokines. their roles in the healing response have been only partially elucidated, and in most cases, in vivo functions of many growth factors remain largely unconfirmed (21) .
Fibroblast growth factors (FGFs) comprise a growing family of structurally related growth factors with proved mitogenic activity for several cell types present at the wound site, including fibroblasts and keratinocytes, indicating FGFs as clear candidates for contributing to the wound healing response (1, 12) .
tumor necrosis factor-alpha (tnF-alpha) is another important mediator during the inflammatory phase of wound healing (8) . tnF-alpha mediates activation of pro-MMP-2, induction of Mt1-MMP, and the intracellular signaling pathways that regulate the proteinase in isolated human dermal fibroblasts, but detection of elevated levels of this cytokine was associated to non healing wounds (18, 19) .
extensive studies of wound healing assays included MSCs, fibroblast, epithelial and endothelial cells, while the dental pulp stem-like progenitor cells properties for wound closure have been less investigated. this paper aims to study the mouse dental pulp stem-like progenitor cells capacity of repairing an artificial wound while exposed to inflammatory phase components (tnF alpha and FGF). At the same time different components of skin basement membrane (laminin, fibronectin and matrigel) were tested in order to observe their influence on cell migration and proliferation.
Materials and Methods

Cell expansion
Primary cell cultures of dental pulp and dermal fibroblasts were isolated from 17-day-old mouse embryos. the animal housing and manipulation were done according to the international animal welfare legislation. the dental pulp tissue and the skin fragments were extracted and minced in 0.5 mg/ml collagenase (Sigma-Aldrich, Steinbach, Germany), then incubated 1 hour at 37 ºc under 5% humidity and co 2 conditions. After inactivation of collagenase, the cells were washed two times with Dulbecco's Modified Eagle's Migration assay the wound healing assay applied for these experiments represents a variation of the Rodriguez et al. (14) (13) and cameron et al. (3) higher doses of tnF-alpha/FGF have a detrimental effect on wound healing, reports confirmed also by our own determinations (data not shown). the wound closure was monitored over a 72-hour interval by collecting digitized images at various time intervals (0 h, 24 h, 48 h and 72 h) after the wound scratch until closure. the images were captured with an olympus c2000 camera connected to an olympus iX70 microscope, under phase contrast. control samples were cultivated without tnF-alpha /FGF. the data were statistically analyzed using the χ 2 test. During the wound closure process the closure percent of the wound was determined by the following formula:
STUDIES REGARDING THE IN VITRO WOUND HEALING POTENTIAL OF MOUSE DENTAL PULP STEM-LIKE PROGENITOR CELLS
Percent closure (%) = Migrated cell surface area/Total Surface Area × 100
Results and Discussion
After 7-10 days of cultivation, adherent, fibroblast-like cells were observed in the culture flask. Next passages showed adherent cells uniformly distributed over the culture flasks with intense proliferative capacity both for the dental pulp stem-like progenitor cells and for the dermal fibroblasts (Fig.  1) . Generation doubling time was calculated at 3.57 days for mouse dental pulp stem-like progenitor cells.
the migration assay was initiated at cell passage 3 on fibronectin, laminin L-lysine and matrigel coatings. The wound field surface area was 15 mm. The re-epithelization process was observed over a 72 hours interval until the first wound closure. During the first 8 hours the repair process was minimal both for the dental pulp stem-like progenitor cells and for the dermal fibroblasts. Several cells were observed to start migration in order to cover the induced wound only for matrigel and fibronectin coatings dental pulp stem-like progenitor cells being more intense in the case of tnF-alpha treated cells (Fig.  2a) . For the dermal fibroblasts a small percentage of migrating cells was observed also on laminin coating. the highest wound closure rate observed after 24 hours of cultivation was for FGF and tnF-alpha matigel prestimulated cells. increased proliferation potential was observed on laminin l-lysin cultivated fibroblasts but the differences were not statistically significant (χ 2 test, p > 0.05) (Fig. 2b) . After 48 hours the wound closure percentage was still low on laminin and fibronectin coating up to 25% for TNFalpha stimulated cells, while on matrigel coating it was almost double up to 50%. the statistical analysis of the data indicated very significant differences (χ 2 test, p ≤ 0.001) (Fig. 2c) . the results obtained for dermal fibroblasts both at 24 and 48 hours of cultivation were higher comparing to dental pulp stemlike progenitor cells, but the differences were not statistically significant (χ 2 test, p > 0.05). At 72 hours the wound closure was completed for dermal fibroblasts matrigel (100%) coating samples and almost completed for dental stem-like progenitor cells cultivated on the same coating (80-95%) (Fig. 2d) . the statistical analysis of the data indicated significant differences (χ 2 test, p ≤ 0.05) between the matrigel cultivated cells and the fibronectin and laminin coatings both for dental stem-like progenitor cells and for dermal fibroblasts.
the most representative images for matrigel coating induced wound scratch are presented in Fig. 3 and Fig. 4.   Fig. 3 . Phase contrast microscopy of mouse dental pulp stem-like progenitor cells morphological aspect during wound closure on matrigel coating at different time intervals: 0 hours (images taken immediately after the wound scratch -10× magnification), 8 hours (20× magnification), 24 hours (20× magnification), 48 hours (20× magnification), 72 hours (10× magnification).
in the present study a series of events which occur during the re-epithelization process in vivo where reproduced in vitro. our experiments adapted a wound healing in vitro method in order to investigate the dental stem-like progenitor cells wound closure potential comparing to dermal fibroblasts. The cells capacity to repair the artificial wound was assessed at 8 h, 24 h, 48 h and 72 h after initiation. The artificial wound was induced on a cell monolayer, on a determined surface in addition to a series of factors involved in the inflammatory and re-epithelization process. At the same time the cell matrix interaction was observed using different surface coatings such as fibronectin, laminin and matrigel, which play a major role in cell adhesion, growth, migration and the wound healing process.
the cell decision to migrate or to stop is determined by two factors: the extracellular matrix and the presence of soluble growth factors/cytokines (16, 20) . the tissue regeneration potential of mouse dental pulp stem cells has been demonstrated in vivo by their capacity to generate a dentine-pulp-like complex composed of mineralized matrix with tubules lined with odontoblasts and fibrous tissue containing blood vessels, similar to the arrangement of the dentine-pulp complex found in vivo (2, 3, 4, 5, 6, 17) . complex tissue engineering approaches include the use of cytokines (BMPs, tGF-b). Artificial scaffolds (polyglycolic acid) to help regenerate viable endogenous pulp tissue in order to facilitate reparative dentin formation have been assayed (11, 15, 17) . our experiments tested the mouse dental pulp progenitor stem cells and dermal fibroblast capacity to repair an artificial wound in the contact with three types of coatings containing proteins specific for the extracellular matrix. The best results related to the cell migration and the wound closure percent were obtained on matrigel coating in the presence of tnF-alpha. this highlights the importance of growth factors presence at the sites of injury and indicates a larger number of stimuli involved in the wound healing process in vivo: tGF-beta, eGF (epidermal growth factor), insulin-like growth factor, and tissue plasminogen activator, all of which, besides FGF, are present in different concentrations in the composition of matrigel. The cells cultivated on fibronectin and laminin were observed to have a smaller proliferation rate independent of the applied treatment; the statistical analysis of the data indicated significant differences (χ 2 test, p ≤ 0.05).
TNF-alpha is a key mediator of the inflammatory process during wound healing, also contributing to the reparative phase either directly by influencing fibroblast functions or indirectly, by inducing additional cytokines and growth factors. Inflammatory process is present during matrix remodeling, including in wound healing. the role of tnF-alpha during tissue remodeling has been evidenced in the studies made by han et al. (8) , which indicated that basement membrane components, laminin and type iV collagen represent potential substrates for MMP-2 (Matrix metalloproteinase), while the presence of cytokines determines regulation of MMP activation. the concentration of tnF-alpha is considered to have either beneficial or detrimental effects in wound healing (3, 13, 22) . the high levels of tnF-alpha observed in chronic wounds confirm the detrimental effects in wound healing of elevated levels of this cytokine. our experiments indicated and confirmed the fact that the wound healing process requires certain involvement of inflammatory cytokines. The 1 ng/ml TNF-alpha showed beneficial effects on the cell proliferation and wound closure.
FGF growth factor family presents important participants in the wound healing process active in mediating activities like angiogenesis and the proliferation of fibroblasts that give rise to granulation tissue, which fills up a wound space/cavity early in the wound healing process. the studies made by lee and Kay (9) indicated a 43% recovery area of a wound only by FGF stimulation alone. in our experiments FGF had a more reduced effect on wound closure comparing with tnF-alpha, but the differences were not statistically significant. These findings are a reminder that the matrix environment in which a cell resides is essential in understanding its behavior. During the wound healing process cell migration and proliferation driven by cytokines and growth factors released at the injury sites represent a critical step. Matrigel was found to increase the rate of epithelization of artificial wounds (7) . The best results were obtained for cells cultivated on matrigel coatings and prestimulated with tnF-alpha (95% up to 100% wound closure at 72 hours). tnF-alpha implication in cell activation during wound closure independently of the type of coating used for cell cultivation has been shown. these changes in proliferation, migration, reaction to growth factors, suggest that cells are activated in response to wounding.
In vitro studies are generally simple and fast, involving minimal ethical considerations compared to in vivo methods, but due to the complexity of living systems, the in vitro model remains a preliminary study that examines the action of a particular small number of molecules involved in different complex metabolic pathways (10) .
Conclusions
the dental pulp stem-like progenitor cells showed similar capacity for wound closure comparing to dermal fibroblasts. the wound closure can take up to several days depending on the surface area of the wounded region, the type of coating used for cell cultivation and the stimulation received.
